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WRAPPED HOSE HEATER ASSEMBLY
WITH HOT POCKET CONFIGURATION

RELATED APPLICATIONS

This application 1s a national stage application pursuant to
35 U.S.C. § 371 of PCT/US2017/045282 filed on Aug. 3,
2017, which claims the benefit of U.S. Provisional Appli-

cation No. 62/375,081 filed Aug. 15, 2016, which are
incorporated herein by reference.

FIELD OF INVENTION

This mvention relates generally to heated hose assem-
blies, and more specifically relates to electrically heated
hose configurations that prevent or minimize condensation
of gases or coagulation or freezing of liquids within the hose

assembly at relatively low ambient temperatures.

BACKGROUND OF THE INVENTION

Hoses convey liquids and gases between spaced locations.
The term “hose” refers to any generally tubular, elongated
member or device and includes flexible, semi-flexible and
rigid devices commonly referred to as “hoses,” “tubes,”
“pipes” and the like. Hoses may have diflerent cross-
sections, and may have for example, round, oval, polygonal
or other cross sectional shapes. Hoses may be of any
matenal, including, for example, thermosetting, thermoplas-
tic, metallic and non-metallic maternials. Hoses may be single
wall, multiple wall, reinforced or non-reinforced, and may
include end fittings or no end fittings.

When hoses are used to convey liquids and gases in
environments with ambient temperatures that change over
time, 1t may be desirable to prevent or mimimize condensa-
tion of gases, or coagulation or freezing of liquids, within the
hose at relatively low ambient temperatures. Such applica-
tions include prime mover engine applications, such as, for
example, transportation vehicles (including, automobiles,
trucks, buses, trains, aircrait, refrigeration trailers and the
like), construction vehicles, farm equipment, miming equip-
ment, and stationary equipment such as diesel engine driven
clectric generators. In these and similar applications, hoses
are exposed to ambient temperatures that change over a wide
range. Hoses 1n such applications may be used for a wide
variety of purposes, including for example, conveying gases
or liquids 1 engine crankcase ventilation systems, fuel
systems, hydraulic systems, pneumatic systems, coolant
systems, refrigerants, emulsions, slurries, selective catalytic
reduction systems, and others.

Various systems have been developed to provide for
heated hoses to prevent or minimize condensation of gases,
or coagulation or freezing of liquids at relatively low ambi-
ent temperatures. An example of an enhanced heated hose
assembly 1s disclosed in Applicant’s International Patent
Application No. PCT/US2015/15542 filed on Feb. 12, 2015,
which 1s incorporated here by reference. The heated hose
configuration described therein provides for effective heat-
ing in a variety ol applications.

One drawback of conventional heated hose assemblies,
including Applicant’s enhanced configuration, 1s that the
heated hose assemblies typically have been manufactured as
suited for a particular application. A hose heating system
therefore tends to be manufactured for, and attached to or
incorporated as part of, a particular hose configuration. A
universal heated hose assembly suitable for most any appli-
cation generally has not been available. This lack of uni-
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versality renders manufacturing more costly and complex,
as different hose configurations with respective customized

heating systems must be separately supplied for diflerent
categories of applications.

Another option has been to attempt to apply or retrofit a
heating structure to a conventional non-heated hose con-
figuration. Existing after-applied or retrofitted hose heating
structures, however, have been relatively complex so as to
require installation to the hoses by specially trained person-
nel in a non-field setting. The result 1s that hoses often need
to be procured from or provided by the end user, aiter which
the trained personnel can apply the heating structure solution
in the non-field setting. This results 1n downtime as the
heating structures are installed to the hoses, and then
returned to the end user for re-installation.

In addition, hose technologies and heating technologies
typically are not developed in a paired manner or in com-
bination. This means that an insulating sleeve, heating
clement, and thermostat, for example, often have to be
bought and designed separately from each other and from
the hose structure. Separate design procedures can result in
incompatibility issues, for example when the heating assem-
bly structure and the hose structure are from different
manufacturers, or the hose 1s configured for a particular
application that 1s not compatible with “ofi-the-shelf” heat-
ing system elements. In such cases, an after-applied or
retrofitted heating system may need to be individually
customized, which also can add to complexity and cost.
Relatedly, many ofl-the-shell heating system components
may have limited use to only a particular electrical rating,
typically 120/240 VAC voltage 1 most applications.
Another potential electrical rating for certain applications 1s
operation using 12/24 VDC voltage, for which adequate
hose heating systems are not readily available.

SUMMARY OF THE INVENTION

The present invention pertains to an enhanced wrapped
heating assembly that that may be used essentially univer-
sally, with a vaniety of hose configurations, applications, and
power and electrical ratings, and which also can be installed
by field service personnel in the field without having to
procure the hose structures for a non-field installation. In
exemplary embodiments, a wrapped heating assembly may
include a heater strip in combination with an insulated
sleeve. The 1nsulated sleeve may include one or more
stitched pockets, and preferably a plurality of stitched pock-
ets, into which the heater strips may be mnserted longitudi-
nally along the sleeve. The sleeve may include a reflective
iner layer to enhance heating efliciency. The sleeve also
may have one or more strip fasteners, such as for example
double mechanical fastener strips (e.g., VELCRO® 1n one
potential embodiment) to allow for better installation on a
wide range of hose sizes and shapes.

By utilizing one or more heater strips inserted into a
pocketed sleeve, the wrapped heating assembly may be
readily customized to any suitable hose configuration, power
density, and electrical rating, and can be removed and
replaced thereby permitting a customer to fine tune power
and heating needs for any particular application. Removal
and replacement may be performed by field service person-
nel 1 the field with only minimal training. As part of the
customization, end connector elements that extend from the
pocketed sleeve may be employed to daisy chain multiple
wrapped heating assemblies together. In this manner, long
lengths of hose or tubing may be accommodated, and the
daisy chained assemblies may be used to heat multiple
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sections or separate hoses within an overall hose system,
with using only a single power source for heating the

multiple assemblies.

The wrapped heating assembly further may include a
thermostat to make the heating assembly self-regulating.
With a daisy chained configuration, the thermostat may be
located at the most critical location (typically the coldest
location) 1n the system and may control the on/ofl function
of the circuit for the entire daisy chained expanse of the
multiple wrapped heating assemblies. The thermostat may
also assist to control power consumption, and limit power
consumption to specific conditions, such as for example
potential freeze conditions and protecting the heating ele-
ments from overheating. Additionally, the wrapped heating
assemblies may be configured to be suitable for applications
operating at 12/24 VDC voltage, which are underserved by
existing hose heating systems.

An aspect of the invention, therefore, 1s a wrapped heating
assembly that may be wrapped around a tubular member for
heating the tubular member. In exemplary embodiments, the
wrapped heating assembly may include an outer insulation
sleeve and a pocketed heating system that 1s fixed to an 1nner
surface of the outer mnsulation sleeve 1n a manner that forms
one or more longitudinal pockets that extend between a first
end of the outer 1nsulation sleeve and a second end of the
outer insulation sleeve opposite from the first end. The
wrapped heating assembly further may include one or more
heater strips, with each one of the heater strips being
respectively mserted longitudinally 1nto a corresponding one
of the pockets, wherein heat 1s generated by the heater strips
when electrical current flows through the heater strips to
heat the tubular member.

Multiple wrapped heating assemblies may be daisy
chained together by electrical connectors mnto a heating
system having a wide range of configurations to accommo-
date various configurations of hose systems and other tubu-
lar member systems and combinations. With the daisy
chaining, the heating system may be controlled with a single
thermostat and linked to a single power source.

These and further features of the present invention will be
apparent with reference to the following description and
attached drawings. In the description and drawings, particu-
lar embodiments of the mvention have been disclosed 1n
detail as being indicative of some of the ways 1n which the
principles of the invention may be employed, but 1t 1s
understood that the mnvention 1s not limited correspondingly
in scope. Rather, the invention includes all changes, modi-
fications and equivalents coming within the spirit and terms
of the claims appended hereto. Features that are described
and/or 1illustrated with respect to one embodiment may be
used in the same way or 1n a similar way in one or more
other embodiments and/or in combination with or instead of
the features of the other embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a drawing depicting an exemplary wrapped
heating assembly 1n an unwrapped position relative to a
hose, 1n accordance with embodiments of the present inven-
tion.

FIG. 2 1s a drawing depicting a close-up view of a portion
of the wrapped heating assembly of FIG. 1.

FIG. 3 1s a drawing depicting a more limited close-up
view ol a portion of the wrapped heating assembly extracted
from FIG. 2.

FI1G. 4 1s a drawing depicting a first or connecting end of
the wrapped heating assembly of FIG. 1.
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FIG. 5 1s a drawing depicting a second end with a
thermostat of the wrapped heating assembly of FIG. 1.

FIG. 6 1s a drawing depicting an exemplary wrapped
heating assembly in a wrapped position 1n accordance with
embodiments of the present invention.

FIG. 7 1s a drawing depicting an end view of the wrapped
heating assembly of FIG. 6 in a wrapped position in accor-
dance with embodiments of the present invention.

FIG. 8 1s a drawing depicting another exemplary wrapped
heating assembly 1n a wrapped position for a non-straight
hose configuration 1n accordance with embodiments of the
present 1nvention.

FIG. 9 1s a schematic diagram depicting an exemplary
wrapped heating assembly, 1n accordance with embodiments
of the present invention.

FIG. 10 1s a schematic diagram depicting another con-
figuration of an exemplary wrapped heating assembly, 1n
accordance with embodiments of the present invention.

FIGS. 11A, 11B, and 11C are related drawings depicting
respectively inner, side cross-sectional, and outer views of
an exemplary wrapped heating assembly 1n accordance with
embodiments of the present invention.

DETAILED DESCRIPTION

Embodiments of the present invention will now be
described with reference to the drawings, wherein like
reference numerals are used to refer to like elements
throughout. It will be understood that the figures are not
necessarily to scale.

FIG. 1 1s a drawing depicting an exemplary wrapped
heating assembly 10 1n an unwrapped position relative to a
hose 12, 1 accordance with embodiments of the present
invention. The hose 12 shown 1s an example, but may more
generally be referred to as a tubular member 12 having any
suitable configuration. For example, the tubular member 12
may have a cross-section of any suitable shape, such as for
example, round, oval, polygonal or other cross sectional
shape. The tubular member 12 may be made of any suitable
material as are known in the art, including for example,
thermosetting, thermoplastic, metallic and non-metallic
materials. The tubular member may be single wall, multiple
wall, reinforced or non-reinforced, and may include end
fittings or no end fittings. The tubular member further may
be straight or configured 1nto any suitable shape with bends
or turns. The hoses, pipes, and other tubular members that
require heating may be constructed of any material capable
of withstanding cold temperatures seen 1n cold environments
(for example, down to -40° C.), and also are capable of
withstanding the higher temperatures given off by the heat-
ing elements of the wrapped heating assembly. Suitable
materials of the tubular member may include, but are not
limited to, polyamide plastic, EPDM rubber, tfluoropoly-
mers, or braided/solid steel, any of which may or may not be
reinforced. The wrapped heating assembly 10 may be
wrapped around the hose 12 to heat the hose 12 when
clectrical current flows through heater strip components of
the wrapped heating assembly.

Generally, 1n exemplary embodiments the wrapped heat-
ing assembly may include an outer insulation sleeve, and a
pocketed heating system that 1s fixed to an mner surface of
the outer insulation sleeve 1n a manner that forms one or
more longitudinal pockets that extend between a first end of
the outer insulation sleeve and a second end of the outer
insulation sleeve opposite from the first end. The wrapped
heating assembly further may include one or more heater
strips, with each one of the heater strips being respectively
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inserted longitudinally into a corresponding one of the
pockets, wherein heat 1s generated by the heater strips when
clectrical current flows through the heater strips. The pock-
cted heating system may be fixed to an inner surface of the
outer insulation sleeve 1n a manner that forms a plurality of
pockets with one or more pockets respectively containing a
heater strip (also referred to as “hot pockets”), with the other
pockets being empty or not containing a heater strip.

Referring to the exemplary embodiment depicted 1n FIG.
1, the wrapped heating assembly 10 may include an outer
insulation sleeve 14 that has an inner surface onto which 1s
fixed an mner pocketed heating system 16. The insulation
sleeve may be made of any suitable insulating material that
typically may be used for hose heating applications. Com-
mon suitable materials include various carbon fiber materi-
als, such as for example woven nylon or polyester. The hose
12 that 1s depicted 1n FIG. 1 1s an example, but any elongated
tubular member, such as other hoses, tubes, pipes, or the like
may be substituted for the hose 12 depicted 1n FIG. 1.

The pocketed heating system 16 may include a multi-
layered material that 1s fixed to an nner surface of the
insulation sleeve 14 1n a manner that forms one or more
longitudinal pockets 18, and preferably a plurality of pock-
cts 18. The pocketed heating system may be stitched to the
inner surface of the outer insulation sleeve with a thread
material. For example, the pockets may be formed by
longitudinal stitching 20 that runs along a longitudinal axis
of the wrapped heating assembly 10 to form longitudinal
pockets that extend between a first end 22 and a second end
24 of the mnsulation sleeve. In this manner, a pocket space 1s
formed between an 1nner surface of the insulation sleeve 14
and an outer surface of the multi-layered material of the
pocketed heating system. “Inner” versus “outer” in this
context refers to the positioning of pertinent components
relative to the hose 1n a wrapped position when the wrapped
heating assembly 10 1s wrapped around a hose, with the hose
being the innermost component. In addition, the longitudinal
or axial direction 1s the direction extending between the first
and second ends 22, 24 of the wrapped heating assembly 10.
In the specific example of FIG. 1, three pockets 18a, 185,
and 18c¢ are formed, although 1t will be appreciated that any
suitable number of pockets may be formed as warranted for
the heating needs of any particular application and/or size
and dimensional configuration of tubular members.

In FIG. 1, two of the pockets, specifically pockets 18a and
18c, are sliced open so as to expose heater strips 26 that are
located within such respective pockets. Because the heater
strips are located 1in one or more of the pockets, such pockets
that have a heater strip within may be referred to herein as
“hot pockets”, and the wrapped heater assembly 10 gener-
ally may be referred to as having a hot pocket configuration.
The third and central pocket 185 does not include a heater
strip 1n this example, although a heater strip further may be
provided 1n such pocket. Accordingly, a number of heater
strips may be either the same or different from a number of
pockets 1n the wrapped heating assembly.

Each heater strip 26 may include internal heater wires or
other suitable resistance heating element, wrapped 1n an
outer protective covering, typically a woven fiber cover. To
generate heat, electrical current 1s conducted through the
heater wires or other resistance heating element to generate
heat as 1s conventional for hose heating systems.

The heater strips 26 may be inserted in essentially a
sliding fashion axially into respective pockets 18 so as to
extend along a substantial portion of, up to essentially the
entirety of, the wrapped heating assembly 10 in the longi-
tudinal direction. It will be appreciated that the view with
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pockets sliced open 1s provided for 1llustration of the place-
ment of the heater strips. In actual use, of course, the pockets
are largely closed structures and any of the heater strips are
enclosed within a respective pocket, except that at least one
end of the pockets may have an opening of suflicient size
that the heater strips may be slid ito the respective pockets.
The openings of the pockets also may permait lead wiring to
extend from the heater strips externally from the wrapped
heating assembly for connection to a power source or
another adjacent wrapped heating assembly as described
turther below.

The use of heater strips axially inserted or slid into hot
pockets permits a degree of versatility and customization
relative to heat output. For example, for relatively large
heating needs, all pockets may receive heater strips to be
used as hot pockets. For lesser heating needs, one or more
of the pockets may be left empty without a heater strip,
which results in an overall lower heat output with the
resultant heat output being based on the number of hot
pockets versus the number of empty pockets. Relatedly,
multiple heater strips of different heat output capacities (e.g.,
at least two heater strips of different heat output capacities)
may be provided in different pockets to provide more
various intermediate overall heat output capacities through
mixing and matching heater strips of various heat output
capacities. The wrapped heating assembly 10 of the present
invention further may be customized using heater strips of
any desired electrical rating. For example, based on a
commensurate selection of heater strips, the wrapped heat-
ing assembly 10 may be configured for an electrical system
operating at 120/240 VAC as 1s typical for conventional
systems. Alternatively, through the use of commensurate
heater strips, the wrapped heating assembly may be config-
ured for an electrical system operating at 12/24 VDC volt-
age, which as referenced above 1s underserved by existing
hose heating systems. The configuration of the wrapped
heating assembly also may be altered as between diflerent
heat capacities and/or electrical rating by swapping the
heater strips in a given pocketed heating system, which can
be done easily 1n the field.

The 1nsulation sleeve may have an edge portion including
a fastener element, wherein the fastener element joins
opposing edge portions of the msulation sleeve together to
secure the wrapped heating assembly 1n a wrapped position.
Referring to the depiction of FIG. 1, for example, one or
both of longitudinal opposing edge portions 28 and 30 of the
insulation sleeve 14 may be provided with one or more
fasteners 32, which may be configured as strip fasteners,
such as for example a double mechanical strip fastener that
extends longitudinally along at least one of the opposing
edge portions of the insulation sleeve. A suitable double
mechanical strip fastener 1s a VELCRO® fastener strip. The
fastener or fasteners 32 permit the opposing longitudinal
edges to be joined together 1n a secured fashion when the
wrapped heating assembly 10 1s wrapped around the hose
12. The fastener configuration permits easy installation of
the wrapped heating assembly 10 around the hose 12 in the
field, and further provides a degree of adjustability to allow
installation over a wide range of hose sizes, shapes, and
cross-sections.

FIG. 2 1s a drawing depicting a close-up view of a portion
of the wrapped heating assembly 10 of FIG. 1. FIG. 3 15 a
drawing depicting a more limited close-up view of a portion
of the wrapped heating assembly extracted from FIG. 2.
FIG. 2 provides an enhanced view of the details of the
pocketed heating system 16 as positioned relative to the hose
12. Accordingly, like reference numerals are used in FIG. 2
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as 1n FIG. 1. In the depiction of FIG. 2, only one of the
pockets (18a) 1s sliced to expose a heater strip 26. Pockets
186 and 18¢ are not depicted as sliced open and thus are
depicted as the pockets would appear in use, with any of the
heater strips being enclosed within a respective pocket. The
stitching 20 for forming the pockets also 1s seen 1n FIG. 2.

The more lmmited close-up view of FIG. 3 illustrates
features associated with the multi-layered material that
tforms the pocketed heating system 16. The multi-layered
material may include a mesh inner layer 34 and a heat
reflective outer layer 36 that 1s supported by the mesh inner
layer 34. The mesh layer 34 1mn FIG. 3 specifically 1s the
orid-patterned material configured as a meshed screen. The
mesh layer 34 may be a heat resistant screen, such as a
fiberglass mesh. The heat reflective layer 36 may be con-
figured as metal foi1l or comparable material that can both
reflect heat and be flexible for suitable wrapping around the
hose. The heat reflective layer 36 aids in maintaining the
heat generated by the heater strips 1n an area adjacent to the
hose.

FI1G. 3 further provides an enhanced view of the stitching
20 that may be used to fix the pocketed heating system 16
to the msulation sleeve 14 1n a manner that forms the pockets
18. Two portions of separate lines of stitching 20 are shown
in FI1G. 3. The stitching 20 may be a thread material that 1s
both strong and heat resistant. A KEVLAR® thread 1s an
example of a suitable material for use as the stitching 20.

FIG. 4 1s a drawing depicting the wrapped heating assem-
bly 10 of FIG. 1 with focus on the first end 22. Accordingly,
like components are denoted in FIG. 4 by like reference
numerals as used in the previous figures. The hose 1s
removed 1n the example depiction of FIG. 4. The first end 22
also may be referred to as a connecting end because the
first/connecting end 22 may 1nclude an electrical connector
38 that provides an electrical connection to the one or more
heater strips. The electrical connector 38 may be attached to
lead wiring 40 to provide an electrical connection between
the electrical connector 38 and the heater strips 26. Addi-
tional lead wiring 41 may provide an inner electrical con-
nection directly between multiple heater strips 26. The
clectrical connector 38 also may provide a connection to
external electrical wiring or external cables linking the
heater strips 26 to a power source (not shown).

In addition, the electrical connector 38 may provide a
connection to a complementary electrical connector associ-
ated with an adjacent wrapped heating assembly. Comple-
mentary end electrical connectors that extend from the
sleeves of adjacent wrapped heating assemblies may be
employed to daisy chain a plurality of wrapped heating
assemblies of any of the embodiments together into a daisy
chained heating system in which current flows between
heater strips of adjacent wrapped heater assemblies via the
clectrical connectors 38. In this manner, long lengths of hose
or tubing may be accommodated, and the daisy chained
heating system may be used to heat multiple sections or
separate hoses within an overall hose system. One of the
wrapped heating assemblies may include a connector for
connection to a power source, and in this manner only a
single power source 1s needed to supply current to all of the
plurality of wrapped heating assemblies via the other elec-
trical connectors. The connector to the power source may be
one of the connectors 38 or an additional connector. Fur-
thermore, by mixing and matching different sized wrapped
heating assemblies, whether by using multiple representa-
tive stock sizes and/or by cutting one or more assemblies to
a desired size, the daisy chaiming permits customization to
accommodate any desired length of hosing.
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The capability to daisy chain multiple wrapped heating
assemblies thus provides a universal system that 1s modular
for retrofitting diflerent types, sizes, lengths, and shapes of
hosing or tubing. The multiple wrapped heating assemblies
may be mdividually wrapped and sized as desired, and then
linked together 1n a daisy chained fashion by connecting the
clectrical connectors of adjacent wrapped heating assem-
blies. At least one of the wrapped heating assemblies would
be linked to a power source, which may provide power to all
of the wrapped heating assemblies though the daisy chained
connectors. In this manner, installation 1s far easier as
compared to conventional systems, and installation 1n par-
ticular may be performed in the field with only minimal
training for use 1n a wide range of applications.

FIG. 5 1s a drawing depicting the wrapped heating assem-
bly 10 of FIG. 1 with focus on the second end 24. Accord-
ingly, like components are denoted 1n FIG. 5 by like refer-
ence numerals as used in the previous figures. The hose also
1s removed 1n the example depiction of FIG. 5. The second
end 24 also may be referred to as a thermal regulating end
because the second/thermal regulating end may include a
thermostat 42. The thermostat 42 may be electrically con-
nected to one of the heater strips via lead wiring 44.
Although the figures depict the electrical connector 38 and
the thermostat 42 being at opposite ends of the wrapped
heating assembly 10, this 1s an example configuration, and
a given end of the wrapped heating assembly 10 may include
both an electrical connector and a thermostat, one of them,
or neither of them.

Using the thermostat 42, the wrapped heating assembly
10 may be a self-regulating assembly by which heat 1s
generated 1n response to ambient conditions associated with
the hose 12. The thermostat may include control circuitry
that controls a flow of electrical current through the one or
more heater strips 26, and the thermostat as 1s typical may
include appropriate temperature sensor elements for sensing
ambient temperatures associated with the hose 12. For
example, the thermostat may sense the ambient environmen-
tal temperature around the hose, or may have sensor ele-
ments that are near or 1n contact with the hose for sensing the
temperature of or adjacent to the hose itsell.

For example, when a temperature sensor of the thermostat
42 senses that a hose temperature, or temperature more
generally of a tubular member, (e.g., ambient temperature
adjacent the hose/tubular member or a sensed temperature of
the hose/tubular member 1tself) falls below a first predeter-
mined threshold temperature, the control circuitry operates
to close the circuit constituting the electrical connection with
the heater strips 26 permit the flow of current through the
heater strips. Heat of resistance 1s thereby generated 1n the
vicinity of the hose or other tubular member to prevent or
minimize condensation of gases, or coagulation or freezing,
of liquids, within the hose/tubular member at relatively low
ambient temperatures below the first predetermined thresh-
old temperature. When the temperature sensor of the ther-
mostat 42 senses that the hose/tubular member temperature
rises above a second predetermined threshold temperature,
the control circuitry operates to open the circuit to the heater
strips 26 to stop the flow of current. In exemplary embodi-
ments, the second predetermined threshold temperature may
be the same as the first predetermined threshold temperature.
Alternatively, the second predetermined threshold tempera-
ture may be above the first predetermined threshold tem-
perature to provide some overshoot or clearance in the
restarting of the flow of current through the heater device.
The first and second threshold temperatures may be varied
and set to any suitable temperatures as warranted based on
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any particular application. The thermostat also may assist to
control power consumption, and limit power consumption to
specific conditions, such as for example potential freeze
conditions and protecting the heating elements from over-
heating.

In a configuration 1 which multiple wrapped heating
assemblies 10 are daisy chained together, a single thermostat
42 may have control circuitry that controls a flow of elec-
trical current through the one or more heater strips of all of
the plurality of wrapped heating assemblies in the daisy
chained heating system, thereby controlling the heat output
for the entire system. Typically, the thermostat 42 may be
placed generally at the coldest location 1n the system to
provide optimum heat control. In this manner, the default of
the system essentially would be to heat when the coldest
portion of the system falls below the first predetermined
threshold temperature. In exemplary embodiments, the ther-
mostat 42 may be a bimetallic disc thermostat that 1s
attached 1n series with the lead wiring 44.

FIG. 6 1s a drawing depicting the exemplary wrapped
heating assembly 10 1n a wrapped position in accordance
with embodiments of the present mnvention. FIG. 6, there-
fore, shows the assembly from the viewpoint of an outer
surface of the 1nsulation sleeve 14. In this wrapped position,
the msulation sleeve 14 encloses the hose and 1s secured in
the wrapped position using the fastener strips described
above. Portions of the stitching 20 also may be outwardly
visible 1n the wrapped position.

In certain applications, abrasion resistance may be a
significant 1ssue. For such applications, the outer insulation
sleeve 14 may include a protective coating material 46
applied to an outer surface of the carbon fiber matenal of the
insulation sleeve 14. For example, a urethane protective
coating material (seen by the “shine” i FIG. 6) may be
applied to a woven nylon material forming the insulation
sleeve 14, as nylon 1s particularly suitable for holding the
urethane coating. In applications 1n which abrasion resis-
tance 1s not particularly significant, a less expensive carbon
fiber material, such as for example a woven polyester
material, may be used as the insulation sleeve 14, and the
additional protective coating material need not be provided.

FIG. 7 1s a drawing depicting an end view of the wrapped
heating assembly of FIG. 6 in a wrapped position 1in accor-
dance with embodiments of the present invention. As seen 1n
FIG. 7 as an exemplary view of the first end 22, depending
upon the diameter or cross-sectional size of the hose or other
tubular member 12, 1n the wrapped position the wrapped
heating assembly 10 may extend around the hose 12 in
multiple layers of wrapping. In addition, multiple wrapped
heating assemblies 10 may be daisy chained as described
above and concentrically wrapped around each other for
another configuration of a multi-layered heating system.
Again, the wrapped heating assembly 10 1s versatile so as to
accommodate various sizes, types, and shapes of hosing and
other tubular members using one or multiple wrapped heat-
ing assemblies 10.

FIG. 8 1s a drawing depicting another configuration of the
exemplary wrapped heating assembly 10 in a wrapped
position, 1n this example for a non-straight hose configura-
tion. As representatively illustrated 1n FIG. 8, the wrapped
heating assembly 10 may be flexible when 1n a wrapped
position so as to accommodate various bends and turns (for
example denoted by elements 46 and 47) 1n a hose system.
FIG. 8 1s not limiting, and various numbers, shapes, and
locations of bends and turns in systems of hoses and other
tubular members may be accommodated by the flexible
nature of the wrapped heating assembly 10.
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FIG. 9 1s a schematic diagram depicting an exemplary
wrapped heating assembly 50, in accordance with embodi-
ments of the present invention. FIG. 9 1s a high level
depiction that illustrates additional details as to the electrical
pathways to provide heating. The dashed lines 52 represent
stitched boundaries for forming pockets 54, including three
pockets 54a, 54b, and 54¢. In the example of FIG. 9, heater
strips 56 and 58 respectively are contained 1n pockets 54a
and 34c, 1.e., pockets 34a and 54¢ are hot pockets, with
pocket 545 being empty. Slice locations 60 are shown for
openings in the pockets that permit axial insertion of the
heater strips into the pockets, and to permit electrical con-
nection via lead wires 62 and 64. A connection wire 66
connects heater strips 56 and 38 into a single circuit.

A bridge connector 68 may provide external connection to
the heater strips (1n this specific example via terminals 3 and
4). The bridge connector 68 also may be connected (e.g., via
terminals 1 and 2) to an end connector 70. The end connector
70 1n turn may be connected to a power source or to another
complementary end connector of an adjacent wrapped heat-
ing assembly to provide a daisy chain connection as
described above.

FIG. 10 1s a schematic diagram depicting another con-
figuration of the exemplary wrapped heating assembly 50.
Accordingly, like components are 1dentified with like refer-
ence numerals m FIG. 10 as 1n FIG. 9. FIG. 10 shows an

alternative connection scheme that employs a thermostat 72.
As shown 1n this particular example, the thermostat 72 may
be embedded 1n one of the pockets that does not include a
heater strip (e.g., pocket 54b). FIG. 10 also denotes exem-
plary values for the first and second predetermined threshold
temperatures referenced above. In exemplary operation,
when ambient temperature falls below the first predeter-
mined threshold temperature of 4.4° C., the control circuitry
of the thermostat 72 closes the circuit to the heater strips to
turn the heaters on. When the temperature sensor of the
thermostat 72 senses that the hose/tubular member tempera-
ture rises above the second predetermined threshold tem-
perature 12.8° C., the control circuitry operates to open the
circuit to the heater strips to stop the flow of current. The

referenced temperature values are suitable non-limiting
examples. It will again be appreciated that the first and
second predetermined threshold temperatures may be varied
and set to any suitable temperatures as warranted based on
any particular application. Additional connectors also may
be provided via the bridge connector 68 so as to connect the
wrapped heating assembly 50 to a power source or to
provide a daisy chained configuration of multiple wrapped
heating assemblies.

FIGS. 11A, 11B, and 11C are related drawings depicting
respectively inner, side cross-sectional, and outer views of
an exemplary wrapped heating assembly 80 in accordance
with embodiments of the present invention. The layered
configuration shown 1n FIGS. 11A-C bears similarity to the
previous embodiments. The wrapped heating assembly 80
may include an outer insulation sleeve 84 that has an inner
surface onto which 1s fixed an inner pocketed heating system
86 similarly as in the previous embodiments. FIG. 11A 1s
from an mner viewpoint substantially showing the pocketed
heating system 86. An edge portion 88 of the sleeve 84
extends outward from the pocketed heating system 86, and
the edge portion 88 may include on its inner surface a
fastener element, such as a mechanical fastening strip, as
described above. The dashed lines 90 1n FIG. 11 A represent

stitched boundaries for forming pockets 94, including three
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pockets 94a, 94b, and 94c¢. FIG. 11C 1s from an outer
viewpoint and thus depicts merely the outer surface of the
insulation sleeve 84.

The side cross-sectional view of FIG. 11B shows exem-
plary layering of the wrapped heating assembly 80. In the
example of FIG. 11B, heater strips 96 and 98 respectively
are contained in pockets 94a and 94c, 1.¢., pockets 94a and
94¢ are hot pockets, with pocket 945 being empty. An 1inner
layer of the wrapped heating assembly 80 may comprise a
fiberglass mesh pocket layer 100. As described above with
respect to FI1G. 3, the mesh pocket layer 100 may be formed
of multiple layers including a mesh or screen combined with
a heat retlecting layer.

Referring back to FIG. 11B, the pockets may be formed
with the fiberglass mesh 100 as an inner pocket layer,
combined with an outer pocket layer 102 that may be made
of a heat nsulating material such as aluminum E-glass. In
the example of FIG. 11B with the two heater strips 96 and
98, therefore, the heater strips as shown would be located
between the inner pocket layer 100 and the outer pocket

layer 102.

In exemplary embodiments, the sleeve 84 may have a
multi-layer configuration in which the outer pocket layer
102 i1s an mnermost layer of the sleeve 84. The sleeve 84
turther may include a carbon fiber layer 104 (e.g., woven
nylon or polyester) bonded to an outward facing side of the
outer pocket layer 102. For example, an aluminum E-glass
layer may be located on an 1nner surface of the carbon fiber
material. In applications 1 which abrasion resistance 1s
significant, the sleeve 84 further may include an abrasion
cover or coating 106 (e.g., a urethane coating as described
above) as the outermost sleeve layer.

By utilizing a heater strip system with a pocketed sleeve
that may be daisy chained together with additional assem-
blies, the wrapped heating assembly of the present invention
may be readily customized to various configurations of
hoses or other tubular members, and further customized for
a wide range ol power densities and different electrical
ratings. The wrapped heating assembly can be removed and
replaced easily 1n the field by field service personnel with

only minimal training. The daisy chained configuration
permits use with long lengths of hose or tubing, and may be
used to heat multiple sections or separate hoses within an
overall hose system, with using only a single power source
and thermostat for controlled heating of the multiple assem-
blies.

An aspect of the invention, therefore, 1s a wrapped heating
assembly that may be wrapped around a tubular member for
heating the tubular member. In exemplary embodiments, the
wrapped heating assembly may include an outer insulation
sleeve, a pocketed heating system that 1s fixed to an inner
surface of the outer insulation sleeve in a manner that forms
one or more longitudinal pockets that extend between a first
end of the outer 1nsulation sleeve and a second end of the
outer msulation sleeve opposite from the first end, and one
or more heater strips, with each one of the heater strips being
respectively mserted longitudinally 1nto a corresponding one
of the pockets. Heat 1s generated by the heater strips when
clectrical current flows through the heater strips. The
wrapped heating assembly may include one or more of the
tollowing features, either individually or in combination.

In an exemplary embodiment of the wrapped heating
assembly, the pocketed heating system 1s fixed to an 1nner
surface of the outer insulation sleeve in a manner that forms
a plurality of pockets.
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In an exemplary embodiment of the wrapped heating
assembly, a number of heater strips diflers from a number of
pockets.

In an exemplary embodiment of the wrapped heating
assembly, the outer insulation sleeve 1s made of a carbon
fiber matenial.

In an exemplary embodiment of the wrapped heating
assembly, the carbon fiber matenal 1s one of woven nylon or
polyester.

In an exemplary embodiment of the wrapped heating
assembly, the outer insulation sleeve includes a protective
coating material applied to an outer surface of the carbon
fiber material.

In an exemplary embodiment of the wrapped heating
assembly, the protective coating material 1s a urethane
coating.

In an exemplary embodiment of the wrapped heating
assembly, the isulation sleeve further includes an alumi-
num E-glass layer on an imner surface of the carbon fiber
material.

In an exemplary embodiment of the wrapped heating
assembly, the pocketed heating system 1s stitched to an 1nner
surface of the outer nsulation sleeve by a thread material.

In an exemplary embodiment of the wrapped heating
assembly, the thread material 1s a Kevlar thread.

In an exemplary embodiment of the wrapped heating
assembly, the pocketed heating system comprises a multi-
layered matenal including a mesh inner layer and a heat
reflective outer layer.

In an exemplary embodiment of the wrapped heating
assembly, the mesh 1nner layer 1s fiberglass.

In an exemplary embodiment of the wrapped heating
assembly, the insulation sleeve has an edge portion including
a fastener element, wherein the fastener element joins
opposing edge portions of the msulation sleeve together to
secure the wrapped heating assembly 1n a wrapped position.

In an exemplary embodiment of the wrapped heating
assembly, the fastener element 1s a double mechanical strip
fastener that extends longitudinally along at least one of the
opposing edge portions of the insulation sleeve.

In an exemplary embodiment of the wrapped heating
assembly, the wrapped heating assembly further includes an
clectrical connector to provide an electrical connection to
the one or more heater strips.

In an exemplary embodiment of the wrapped heating
assembly, the wrapped heating assembly further includes a
thermostat including control circuitry that controls a flow of
clectrical current through the one or more heater strips.

In an exemplary embodiment of the wrapped heating
assembly, the thermostat 1s a bimetallic disc thermostat.

In an exemplary embodiment of the wrapped heating
assembly, the wrapped heating assembly 1s flexible when 1n
a wrapped position.

In an exemplary embodiment of the wrapped heating
assembly, the wrapped heating assembly comprises a plu-
rality of heater strips respectively inserted into a plurality of
pockets.

In an exemplary embodiment of the wrapped heating
assembly, at least two of the heater strips have a different
heat output capacity.

In an exemplary embodiment of the wrapped heating
assembly, the one or more heater strips have an electrical
rating of 120/240 VAC.

In an exemplary embodiment of the wrapped heating
assembly, the one or more heater strips have an electrical

rating of 12/24 VDC.
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Another aspect of the invention 1s a daisy chained heating
system of a plurality of wrapped heating assemblies. In
exemplary embodiments, the daisy chained heating system
includes a plurality of wrapped heating assemblies accord-
ing to any of the embodiments, wherein adjacent wrapped
heating assemblies each has a complementary electrical
connector that are connected to each other to permit current
flow between heater strips of adjacent wrapped heating
assemblies. The daisy chained heating system may include
one or more of the following features, either individually or
in combination.

In an exemplary embodiment of daisy chained heating
system, the system further includes a thermostat including
control circuitry that controls a flow of electrical current
through the one or more heater strips of all of the plurality
of wrapped heating assemblies.

In an exemplary embodiment of daisy chained heating
system, the system further includes a connector for connect-
ing one of the plurality of wrapped heating assemblies to a
power source, wherein the power source supplies current to
cach of the plurality of wrapped heating assemblies via the
clectrical connectors.

Although the mmvention has been shown and described
with respect to a certain embodiment or embodiments, 1t 1s
obvious that equivalent alterations and modifications will
occur to others skilled in the art upon the reading and
understanding of this specification and the annexed draw-
ings. In particular regard to the various functions performed
by the above described elements (components, assemblies,
devices, compositions, etc.), the terms (including a reference
to a “means”) used to describe such elements are mtended to
correspond, unless otherwise indicated, to any eclement
which performs the specified function of the described
clement (1.e., that 1s functionally equivalent), even though
not structurally equivalent to the disclosed structure which
performs the function in the herein illustrated exemplary
embodiment or embodiments of the invention. In addition,
while a particular feature of the invention may have been
described above with respect to only one or more of several
illustrated embodiments, such feature may be combined
with one or more other features of the other embodiments,
as may be desired and advantageous for any given or
particular application.

What 1s claimed 1s:

1. A wrapped heating assembly that may be wrapped
around a tubular member for heating the tubular member, the
wrapped heating assembly comprising:

an outer insulation sleeve;

a pocketed heating system that 1s fixed to an inner surface
of the outer msulation sleeve in a manner that forms
one or more longitudinal pockets that extend between
a first end of the outer msulation sleeve and a second
end of the outer insulation sleeve opposite from the first
end; and

one or more heater strips, with each one of the heater
strips being respectively iserted longitudinally into a
corresponding one of the pockets, wherein heat 1s
generated by the heater strips when electrical current
flows through the heater strips;

wherein the pocketed heating system comprises a multi-
layered material including a mesh mner layer and a heat
reflective outer layer.

2. The wrapped heating assembly of claim 1, wherein the
pocketed heating system 1s fixed to an mner surface of the
outer insulation sleeve 1n a manner that forms a plurality of
pockets.
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3. The wrapped heating assembly of claim 2, wherein a
number of heater strips diflers from a number of pockets.

4. A wrapped heating assembly that may be wrapped
around a tubular member for heating the tubular member, the
wrapped heating assembly comprising;:

an outer insulation sleeve:

a pocketed heating system that 1s fixed to an 1nner surface
of the outer msulation sleeve in a manner that forms
one or more longitudinal pockets that extend between
a first end of the outer insulation sleeve and a second
end of the outer insulation sleeve opposite from the first
end; and

one or more heater strips, with each one of the heater
strips being respectively inserted longitudinally into a
corresponding one of the pockets, wherein heat 1s
generated by the heater strips when electrical current
flows through the heater strips;

wherein the outer insulation sleeve 1s made of a carbon
fiber matenal.

5. The wrapped heating assembly of claim 4, wherein the
outer nsulation sleeve includes a protective coating material
applied to an outer surface of the carbon fiber material.

6. The wrapped heating assembly of claim 5, wherein the
protective coating material 1s a urethane coating.

7. The wrapped heating assembly of claim 4, wherein the
insulation sleeve further includes an aluminum E-glass layer
on an 1nner surface of the carbon fiber material.

8. The wrapped heating assembly of claim 1, wherein the
pocketed heating system 1s stitched to an mner surface of the
outer 1sulation sleeve by a thread matenal.

9. The wrapped heating assembly of claim 1, wherein the
insulation sleeve has an edge portion including a fastener
clement, wherein the fastener element joins opposing edge
portions of the insulation sleeve together to secure the
wrapped heating assembly in a wrapped position.

10. The wrapped heating assembly of claim 9, wherein the
fastener element 1s a double mechanical strip fastener that
extends longitudinally along at least one of the opposing
edge portions of the insulation sleeve.

11. The wrapped heating assembly of claim 1, further
comprising an electrical connector to provide an electrical
connection to the one or more heater strips.

12. The wrapped heating assembly of claim 1, further
comprising a thermostat including control circuitry that
controls a flow of electrical current through the one or more
heater strips.

13. The wrapped heating assembly of claim 12, wherein
the thermostat 1s a bimetallic disc thermostat.

14. The wrapped heating assembly of claim 1, wherein the
wrapped heating assembly 1s flexible when in a wrapped
position.

15. A wrapped heating assembly that may be wrapped
around a tubular member for heating the tubular member, the
wrapped heating assembly comprising;:

an outer insulation sleeve;

a pocketed heating system that 1s fixed to an inner surface
of the outer msulation sleeve in a manner that forms a
plurality of longitudinal pockets that extend between a
first end of the outer insulation sleeve and a second end
of the outer mnsulation sleeve opposite from the first
end; and

a plurality of heater strips respectively inserted longitu-
dinally into corresponding pockets of the plurality of
longitudinal pockets, wherein heat 1s generated by the
plurality of heater strips when electrical current flows
through the plurality of heater strips;
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wherein at least two of the plurality of heater strips have
a different heat output capacity.

16. A daisy chained heating system of a plurality of

wrapped heating assemblies comprising:

a plurality of wrapped heating assemblies according to 5
claim 1, wherein adjacent wrapped heating assemblies
cach has a complementary electrical connector that are
connected to each other to permit current flow between
heater strips of adjacent wrapped heating assemblies.

17. The daisy chained heating system according to claim 10
16, further comprising a thermostat imncluding control cir-
cuitry that controls a flow of electrical current through the
one or more heater strips of all of the plurality of wrapped
heating assemblies.

18. The daisy chained heating system according to claim 15
16, further comprising a connector for connecting one of the
plurality of wrapped heating assemblies to a power source,
wherein the power source supplies current to each of the
plurality of wrapped heating assemblies via the electrical
connectors. 20
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